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17. handle contracting, following transfer of funds.

18. stability usually supplied by the camera; for the inertial staebility of
such a reference unit is small compared to that of the camera mount. Such a
platform will provide long-term stability and will also be capable of driving
suitable angular position transducers which c¢an then be read out through a
remote data recording system. ' :

The function of the data recording system is to monitor and record the
vehicle's attitude in roll, pitch, azimuth, absolute time and altitude -- all
at the same instant as the exposure command signal to the camera. - Mission
requirements for the acquisition of a.large number of photographs dictate that,
in order to minimize weight, data is to be recorded only on comman. and that
the system be completely automatic to insure the highest degree of reliability.
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Research and Development
Project Approval Request

I. Identification

The proposed project, designated "Attitude Determination System,"
is provided for in NPIC's FY 65 financial plan at the[:::::::]level
under Object Class 700, Category 6 "Other Projects."

The proposed development is of joint interest to DD/S&T/0SA and
NPIC, since a need exists for attitude and altitude determination with
the 112B camera.

II. Objectives

The objective is to determine from horizon exposures the pitch and
roll of the vehicle at the instant of exposure, and to determine the altitude
of the vehicle by employing a statoscope and its recorder.

IIT. Technical Specifications

The system would consist of two pieces of equipment -- an horizon
camera system and a statoscope that includes the statoscope recorder.

The system concept will be based upon the minimization of weight
and, to insure high reliability, will use proven components throughout.
The system will be completely automatic and will respond and record at
the instant of the exposure command to the main reconnaissance camera.
( By recording only on command -- in lieu of continuous recording -- weight
! can be held to a minimum. '

The acquired data will subsequently be processed on the ground for

visual and/or computer readout -- for photo reduction and interpretation.
Iv. Background

In March 1964 a proposal was received through DD/S&T/OSA by NPIC/P&DS
25X from| t NPIC's request and because the 112B

system does not have benefit of an horizon camera, DD/S&T/OSA had been
seeking proposals for an attitude determination device. The
proposal was sent to NPIC for information and evaluation only, Tor at that
date no contractual action was anticipated: a contract was to be pursued
when the availability of an airplane could be depended on in advance.
(Such a contract would require the contractor to assume responsibility for
installing the equipment in a vehicle.)

GROUP 1

Excludad from automotic
SECR ET downgrading ond declossification

Approved For Release 2005/07/13 : CIA-RDP78B04770A002900040010-7




il

ST T Approved For Release 2005/0758C&IIRDP78B04770A002900040010-7

An airplane has become available, and no other contract exists which
would cover the project.

V. Contractor and Financial Arrangements

Because the need for attitude determination has implications for
the exploitation process -- in calculating geometry of photographs -- it
was agreed that NPIC would assume financial responsibility based upon
its part of the need. OSBA would handle the contracting, following
transfer of funds.

‘ Both OSA and NPIC jointly approved of the proposal submitted by

X1 | | and have
selected that company as sole bidder.

X1 | kor the development.

VI. Security

K1 The contract will be[::::]and assoclation with the Agency will be
classified at the SECRET level.
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1.0 Introduction

when measurenents are to be made on aerial photographs,
it 18 esaential to have soma technique {or orienting then.
The usual processas ¢f photogrammetry permit the orientation
by providing adequate ground confrol in each picture., In
areas whera greund control is sparse or lacking; some sub-
stitute must be provided., Over the years, many such substi-
tutez have been triéd with varying degrees of success. The
subject of this prepozal iz the provision of a method of aup-
plying the elements of anguler ovientation., In the past,.
techricuss from vertical gyros to inertisl platforms and {rom
sun and star photos to horizon photographs have been used.
Of these, perhaps the cldest is the technique of horizon photo-
graphy.

2.0 (Ceneral Reguirements

Some of the limitatiions of horizon photography are
obvious in that 1t requires reasconably flat country and meter-
olegical conditions which permit viewing the horizon. As will
be seen, some of these limitaticns are not quite so stringent
as at first sight they may cppear. let us first consider
some of the general requirements to be met in the design of
such & systiem,

2.1 Horizon Dip.

The Jocation of the horizon in an alrcralt 1s scume-
what below the horizontal. This is shown in Flgure 1 where
we observe that in the geocnetric case (rays travelling along
straight lines) the horizon falls below the tangent to the

A -1-
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geoid by an angle ¢ « Tnis is easlly computed to be

a— o

r / m~r-“~/L '
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where ¢ 18 in minutes of are and /7 1s the aircraft
aititude in feet. But 1in point of fact, light rays are re-
fracted by the atmospherc so as to fcllow the path shown.
This reduces the "dip" of the apparent horizon to:
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The valuez of this apparent horizon dip are plotted in Figure 2
where 1U 1s seen that it has an appreciable range going to
3.66° for an altitude of 50,000 feet.

2.2 Cunoice of Scale and Coverage.

The factors of scale, coverage, slize and precizion
ere all mutusily dependent. Some of the considerations which
affect the choice of focal length and format size are described
in this section.

2.2.1 Angular Range.

Tne provision of the angular coverage for horilzon
photography must be very carefully done since for a given
measuring accuracy the system size will grow &s the range
is increased. One factor contributing to the range has al-
ready been discussed, and that 1s the variation of dip with
the altlitude range of the micsions. If, for example, we nust
-eonsider flights from 10,000 to 50,000 feet, the dip varies

ApproVed For Release 2005/04%3 : CIA-RDP78B04770A002900040010-7
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from 1.53 to 3.66 degrees. The other factor to be considered
is the range of roll and pitch motions. If the horizon camera
is 5o be attached to a stabilized prime vertical camera the
range cen be made quite small., In commercial mapping missilons
it 18 usual to fly with suflicient care and sufficient refer-
ences to peralt restriction of ailreraft roll and pitch motions
to less than

5 rees. Under these conditions quite good

i d
obtalnable with very small cameras. In military

®
63

&

accuracy 1
missions It has been customsry te design for roll and piteh
metions of up to + 8 degrees. Under these conditions the

range of angular coverage to be provided for is 6f37 degrees
above the horizontal to 11.866 degrees below the true horizontal.

4

This is a total range of 18.023 degrees.

Seale andé Accuracy.

N
.
o
L )
|5£%)

Several invegtigational of the uge of horizen photo-
raphy nave shown that it 1s capable of accuracies of about
2 minutes of arc., If we desire toc provide the possibility

o

of attaining this accuracy with low cost measuring equipnent,
we must permit the measuremnsnt of 2 minutes of are with instru-
ments having errors of about 0.001 inches. This may be con-
veniently provided by any of the micrometer types of equipments
since the measuring range will not overlarge. The tentative
scaie will then be about 1 rinute of arc per .001 inches.

This is attained with a focal length of the order 3.4 inches.

3.0 Possible Horizon Camera Designg

lZarzycxi, faotogramastric dngineering, Volume AXIX No. 4

- T
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piication. Before zelecting a particular type, we might
profitably examine a few of these technigues, One require-
ment common to most of these is a small protrusion rom the
alrcraft.

3.1 Torocidal lens Camera.

This type of lens and camera produces an imége as
shownt in Figure 3. The pleture 1s an annulus with the sky
appearing on the exterior. The horlzon then appears as a

‘ circle whlch is contered on the axis when the aircraft is
level, The advantage of this type of instrument lies in the
s8implicity of the display. The display is much like a c¢circu-
lar level bubble except that tne horizon circle changes in
diameter with altitude as a resulf of dip. Another disadvantage
is the poor tangential resolution of the plcture, limiting
1its ume to the horizon 4itseslf. One great advantage is the
éisplay of the entire horizon peraltting the selection of
useful porticns of it for wmeasurement. This technigue may
ve quite useful in a low accuracy system,

. ‘ Ancther notaticn should be made on this system. The
optical characteristics reguire a cylindrical window,., This
cylinder forms an essentlal part of the optics and must be
maintained in the proper orientation relative %o the toroidal
lens. Thus,_the Syostem is only useful when applied to rigid,
fixed mount systems. If applied to atabilized\or scft mount
systems, the horizon image will become distoried and difficult
to reduce to roll and pitch data, since the distortion will
be a functicn of rell and pitch.

3.2 Conical Mirror Systen.

This system has the advantage of requiring ordinary

Appr:o'ved For Release 2'0&507/13 : CIA-RDP78B04770A002900040010-7
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optles, except for the sirple and inexpensive conical mirror.
It has all the advantages and disadvantapges of the previous
syatem. It differs from vhat system 1n permitting a simpler
installation and a cheaper instrument. Pictorially, the dig-~
play is identical except thet the sky is inzide and the ground

outside the horizon circle. The system appears in Flgure 4

3.3 High Cbllicue Camersrs,

Crientation moy Lo obtained from a single high oblique
.’ aerial photograph which includes the horizon. The geomeiry
of such a photograph is shown in Figure 5. The details. of

the derivation are not given but it can be shown that for

small deviations from level rii ght the pitch and roll angles
of the aircrait are obtainzble as fsllows. We measure the
angle ‘f* on the pﬁotcﬁr;pn and the iincar Gistance % .

From these two measurenents: and from the known nominal position
of the canera we gan find:

¥
$ o
A
mr o B h"‘::
s
- 0%
45"? S | e
Aie = e el
s u

'-‘ £ v, i v"’ :
ﬁ" O ALEE e

J2
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where © = nominal angle of obliquity, i.e. angle between
the axis of the prime vertical and the axis
of the oblique camera.

e,
[

dip angle 1in radian measure

&

£ = oblique camera focal length
r w alrcraft roll in radlan measure
p = aircraft pitch in radlan measure.

The above geometry is basic to the use of most of the conven-
tional horizon cameras. It may be noted that any single photo
corresponds to a single determinction of roll and pitch. If
nigh accuracy is desired, or if we wish to protect the mission -
against meteorological obacuration on a part of the horizon,

or if there may be mountaincus conditions on some part of the
horizon, it is necessary to provide a view of as many portions
of the entire horizon as possible. As a matter of fact, sys-
tems using two views of the horizon have been used, commonly,
aespecially under the trimetrogon arrangaement.

3.4 Four Lens Camera.

One form of horizon camera which has found some prac-
tical use is a form using four lens viewing the horizon in four
directions aleng mutually perpendicular lines. The resulting
camera has four pictures of an anzle of obliquity of 90 degrees.
“ne system is excellent and has performed very well, However,

23

she camera has a restricted angular range and is quite expensive
as a resul% of the complex optics between the camera body
end the four lenses.

. -6~
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3.5 Sinzle Lens

This system combines the advantages of the four lens
system of the previous paragraph with an inexpensive unit

&

capable of being adapted to ma Thelpyramld prism .
is essentially an attachument o0 a siandard camera. Since
this is the zystem that in proposed, a dot aileu examination

of 1ts characteristice will be macde in the following section.

4.6 ropoeed Horizon Canera.

‘ﬂposed hopizen camera utilizes the system deseribed
ction {Par, 3.5). The installation is pictured
where a type P2 camers with 50 ft. magazine is
with a prism. The focal length is 3 inches on
ormat. The required projecticn from the aireraft
inches and the window consists of a vectanghlar paral-
piped 5 X & 1/4 each face (note thet a 100 f£t. magazine
5 also available),

4.1 Character of the Photozraphs.

pp; mately 20 degrees of horilzen in each of four

A
directions is portrayed on each frame. The geometry of these

photographs and methods of reducing data are discussced in
this secticn, |

The appszarance of the photographs 1s shown in Fig-
ure 7, with indications . of the direction of deflsction of
¢he horizen for a particulzar roll and pltch condition. The
geometry of each photograph is exactly similar to that of

-7~
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the single obligue, except that the angle of obliqulty now.
exceeds 90 degrees. If fiducial marks are provided (as they
will be) at the nominal horizon, the eguations previously
given will change somewnat in Getall but remaln basically
the same.

. In this case the measured quantities become §5 and

D& (referring back to Fipuve 5). The reduction eguations
now becoma:

One interesting facet of this system is its abllity
to be usad even when the horizon is obgcured or broken by
mountains. This application will supply only changes in
odantation from frame to l”&m a2, out these data can be gquite
useful il precisely bridzeld forward. The technique consists
of using two successive frames. In the first frame we gel

& features as close to the obscured

Two coaveniently spac
2, >. 23 {2y away as possivle. The ¢o-

horizen as possibl &
ordinates of these two points cre wmeasured and recorded,
In the second frame, we identily and measure the same two

Approved For Release 2005/07M83~ CIA-RDP78B04770A002900040010-7
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featurss. By apnr riate computatlion we can now determine
the ¢ifferonce in roll, piltch and yaw of the aircraft¢t. The
method depsnds on the fact that the points belng measured

are 8o distant that the parallox caused by alreraft trans-
lations are ncgligible. &3 a result the change in coordis
nates is purely a function of the rotations of the aircraft.

el

The results of analys.s cf the geometry give for small
v &
e

angles, the fellowing relerring to Figure 8.

p MY K
i f-f(_ e ek s &
K y..f i
2
4 - - T
- AN o s -
s d é%{. i £ - P
", A

whers the nomenclature is derived from Figure 8 or previous
¢erfinitions.

4,1.2 Hetho8s of Datn Reduction.

After cellection of the photography, we are faced with
the nroblfm of convartzn: She phgﬁographa into the desired
' S ana Y. The attitude,
or attitude changes, may be cobtained by the use of the ana-

Iytical methods, actually making the indicated meLsurencnts

Y
Kk 3 P.ﬁ im«‘:

data of : ang ™1 op

< g

and uaing the eguations Jor reduction by a ccupulcer. For
somewnat lower accuraciess, or Por methols of reduction not
involving computer time, the Ifollowing suggestions may be
made.

Approved For Release 2005/07/4 %+ CIA-RDP78B04770A002900040010-7
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a) Oblicus Tiltomeicr. This 1ittle instrument of a
X1 deslign suggested can be consiructed at very little
cost for measuring horizon photos. After setting the attitude
scale (to insert ¢ip), the instrumeni reads directly in roll -
and pitch. VWhen neasuring a side view the rotation ucale
will be found to be calibrated directly in pltch angle while
the cisplacement scale will read rell angle directly. The
procedure 13 to align the horizon ficducials with the corres-
ponding [iducials on the piceture. By manipulating the rota-
. tion snd displacement controls one aligns the horizon cursor
with the horizon imsge. Reading the scales will then give
roll and pilitch directly. In a front or rear view the rota-
ticn sezle reads roll, while the displacement seale will
read pitch dirsctly.

D) Projection Tvpe Instrument. If 2 photographic
projector is mounted in a pair of gimba1$ and has a pyramid
prism rounted in front of i¢s lens, it forms an éxact analog
of the alrcrali-horizon cameva system. 3By providing fixed
mirrors to rerlest the four horizon views to the horizontal
egsel, a convenlent instrument is produced to measure roll

’ and pitch angles. Readout 18 by means of encoders cn the
gimbals and the operation may be described az follows. A
set of mubualily comeentric squares 1s provided on the hori-
zontal eazel. The operator manipulates the gimbals until
khe four horizon lines are aligned with the sides of a single
scuare. Then a button is pushed to read out the encoders
©o a paper tape or direct to a computer, as desired.

¢) Plotting Instrumsnt. Finelly, in the cg8gy of ob-
gfgrgg horizong, the reductica i2 now limited to ! and

Ss « These may be measured anslytically or the pair
ef vicws may be put into &
v

Mg

vle sterecsecopic microscope

Sim
,{‘: e s i e . Ly &
with a o rallax bar measu g provizion. A prostly simplifisd
BZs

resesction o % b»..

ment can a F¥%1rrerences into tape.
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4.1.3 Limitations.

Of course, the previously described system is limit-
ed¢ by factors affecting the horizon. Thus, in the event that_
there is a 30C0 foot difference in ground elevation between
opposite horizons, the greatest error that can result depends
upon the altitude. Remembering that the values of roll and
pitch are the mean of measuremenis on four photes:

at 10,000 f£t. the error is 45 minutes;
50,000 f¥. the error is 3.4 minutes;
80,000 ft. the errcr is 2,7 minutes.

In the event of obscuraticn, the differences in orien-
tation may be measured as described. These may be bridged
forward over short distances but, of course, errors will ac-
cunmulate. ©On the other hand, differences of orientation can
be used to strengthen measurement quite apart from their use
to accunmulate the orientation numbers. '

4.2 Proposed System Description.

©he proposed system will consist of the following items
to be supplied by the contractor:

"a) One | ¥odel P2, TO mm camera with
100 £t. magazine modified to incorporate additional fiducial
marks and a frame count indication between frames.

b) One horizon prism {pyramid) with mounting hardware
and mounted to the above camera with proper alignment and pro-
viding for 5,000 to 50,000 feet altitudes and + 8§ degrees in
pitch and roll.

¢) Window and windocw structure suitable for aircraflt
mounting. Retracting mechanism for withdrawing windows to
flush position.

-1
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d) Mounting provisicns and electrical interface
provisions for operation with the prime vertical mapping
camera.

&) Data Reduction device for dive ¢t reading of roll
and piteh from hovizon pictures, as described previously
(oblique tiltometer).

The basic dimensions of this system are shown in
Figure 6. The window dimensions and the projection belcw
the aircraft skin depends very directly on the desired scale
of the pictures., The present scale is about 0.001 inch per
minute of arc. If a lower scale can be accepted - making
data reduction somewhat more difficult for a given level
of accuracy - the size of the prism and the window would
reduce proportionately, reducing the projection.

Another factor tending to make the slze large is the
requirement for covering the wide range of horizon positions.
Tf the altitude range and roll and pltch range were reduced
to the size of the window and projection would be reduced
proportionately. Thus, if the rcll anG pltch range were
+ b4 Gegrees and the altitude restricted to Lo, 000 to 60,000
feet, the size of window and projection would reduce by more
than half. -

L,2.1 Alternate Systen.

An alternate system giving about one half the scaile
of the above on a 1 X 1 inch format (35 mm £ilm) is 11lustrated
in Pigure 10 (at the same scale as Figure 6). 1In this case,
the distance from the prism to the lens becomes rather small.
A decision om the suitabllity of such a setup must await

S
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further knowledge of the details of the structure around
the mcunting area and the shape of the eaircraft skin. If
the range of roll and pitch were reduced, the distance from .
lens to the prism may be increased peraltting a more con-
venient mounting. The cost of this arrangement would be
almost the same as that of the previously described one
unless the window retraction can be dispensed with.
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Research and Development
Project Approval Reguest

I. Tdentification

The proposed project, designated "Attitude Determination System,"
is provided for in NPIC's FY 65 financial plan at the[:::::::]level
under Object Class 700, Category 6 "Other Projects."

The proposed development is of Joint interest to DD/S&T/OSA and
NPIC, since a need exists for attitude and altitude determination with
the 112B camera.
IT. Objectives
. The objective is to determine from horizon exposures the pitch and
roll of the vehicle at the instant of exposure, and to determine the altitude

of the vehicle by employing a statoscope and its recorder.

IIT. Technical Specifications

The system would consist of two pleces of equipment -- an horizon
camera system and a statoscope that includes the statoscope recorder.

The system concept will be based upon the minimization of weight
and, to insure high reliability, will use.proven components throughout.
The system will be completely automatic and will respond and record at
the instant of the exposure command to the main reconnailssance camera.

By recording only on command -- in lieu of continuous recording -- weight
can be held to a minimum.

‘ The acquired data will subsequently be processed on the ground for
visual and/or computer readout -- for photo reduction and interpretation.
Iv. Background

In March 1964 a proposal was received through DD/S&T/OSA by NPIC/P&DS

25X1 | | At NPIC's request and because the 112B

system does not have benefit of an horizon camera, DD/S&T/OSA had been

seeking proposals for an attitude determination device.

proposal was sent to NPIC for information and evaluation only, for at that

date no contractual action was anticipated: a contract was to be pursued

when the availability of an airplane could be depended on in advance.

(Such a contract would require the contractor to assume responsibility for

installing the equipment in a vehicle. )

GROUP 1
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An airplane has become available, and no other contract exists which
would cover the project.

V. Contractor and Financial Arrangements

Because the need for attitude determination has implications for
the exploitation process -- in calculating geometry of photographs -- it
was agreed that NPIC would assume financial responsibility based upon
its part of the need. 0SA would handle the contracting, following
transfer of funds.

Both OSA and NPIC Jjointly approved of the broposal submitted by

| a subsidiary of | | and have

selected that company as sole pidder.

[::::::::]has quoted for the development.

VI. Security

The contract will |and association with the Agency will be
classified at the SECRET level.
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